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Constraint Effect of Crack due to Clad Material

Noriyuki Mivazaki*, Toru IkeEpA* and Ken-ichi Ochr**

The finite element method is applied to two-dimensional elastic-plastic analyses for underclad crack pro-
blems. The analyses are performed rectangular specimens with an underclad crack, which are composed of
A533B class 1 steel and a clad material, to obtain the fracture mechanics parameter J-integral and the stress
distribution ahead of a crack tip. The Q-factor proposed by O’'Dowd and Shih is calculated from the stress
distribution ahead of a crack tip, and the constraint effect of a crack tip due to a clad material or the effect
of a clad material on the fracture toughness of a base material is discussed in terms of Q-factor. Clad thick-
ness, crack length and the material property of a clad material are varied to examine their effects.
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Fig. 1.. Effect of clad material on underclad crack.
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Fig. 3. Stress-strain curves for each material used
in the analyses.
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Fig. 7. J-Q curves for HT80 steel clad : effect of
clad thickness.

oa b o

b, EZE A TOMMEHHIE, 77 v FEIOHEMIC
HWKELSHINT A, 20720, 799 FkHTHT80
WMOBAEIWEQ 7777 —DHIHEIZZ 5 v NEED
B wsmy 5.
BHEUAMEEODBEETULEDOZ 2T EDBE, K
DEHCHDB. 75y FHPRLZ &Ky, 705 -
75y FERIBHOIH=ZMMEIET L, HEMOBE
uAﬁ@amﬁLf,ﬁ#ﬁ:@ﬁﬁtkﬁﬁ@%M?
AT EBFHENSL. DT L, Moinereau & DEER
RRE-BLTWS, BHEUAMMEICRIZT T v NE
XOBEIX, 7T v FHIZBW TSN, 3
MHRATT B &) PIRTE LT b, Thbh, WH
BASXRBREEICE, 79y FESOEEINEL,
PR B R GA I ZORBIIRE W,

3:2 ZHRRIOHR

XUEBEXOWREBRFTTHLDIL, 75y P
SUS34 AT, #DEIH6mm —ENEHFNL & T,
Xz E <A 3mm (CLAD-S(SUS)), 6 mm (CLAD
-M(SUS)), 10 mm (CLAD-L(SUS)) ®&EAEIZDW
TJ-Q iz RkD7. ZOBAII= ST EICHT L
THT o 72, BNTRER % Fig. 8 ITR¥. EMHICIR, 7
Ty FHPRFV T WHEROLEOKE %,
A533B-S, A533B-M, A533B-L & L CHMTRLT
Hb., ZOXLY, WEEKOEELERI, Tyr¥y—7

: CLAD-S(SUS)
: CLAD-M(SUS)
: CLAD-L(5US)

: A533B-S

: A533B-M
1 A533B-L

| » e > O

co

-1 " PO | P S
0 10 20

J [N/mm}

Fig. 8. J-Q curves for SUS stainless steel clad :
effect of crack length.

Ty FERDBEAICH PR R BHIIE, BH=ZH@E
PR L, HEAORE LB L TR LOBEL A
HEAHEIT 2 Z TSN L, SEESHFEUEE
RHETEE, 799 FHOFWTWEEFEEROY
ALY, BOETRECBAILTBY, 22T
T v FHMIZE ) 2RO Z#E KT 3 578 A%
HhTnwa,

3:3 75y FHMOMEDORHRE

75y FHOME, FICEKRIEHNITQ 772 %=1
BITTEEBEBIT A0, 79 » FHES% 6mn,
ZREIEZ6mm —FEE L, 77 v Fir& LT SUS304
$, MAT2, A533B %6, HTS0 $f % {E% L 72 CLAD
-M(SUS), CLAD-M(MAT2),, CLAD-M(A533B),
CLAD-MHT) l2oWwWwTZhFh J-Q M # ke, Fig
9(a), ) ICFLHDTHRERT. ZOKBRIEELHMT
WEE—FRRMEICHTA3DTHS. CORLY,
BRIGIFEIEIE Q 77 7 ¥ — X ZOMFEI L Y
RKEZBOBEE RS> TWAEIENDLDA. L7zHF T,
BRICHAEN T Ty FHERWLREN, 7v5—2
Iy FEROZZBHOILNZMEIKL, WEKLL
TR EBEE CAMES LR T 52 L TE D,
LA L, Fig 9@ IcRSNE X2, ZHMTHEDS
BREMBEO Q7727 —DEBRFHESLVITJ
EDOEEIMAEFEA L TWABZ Edthirs, Fig 2(a) (2
RYZEHITHEDRSE, 79 v MM s0
TIOEDTr Ty FMOBKICH 28z 5K E RIS
BELB. ZLTC, 79y FHOBEEAREOHEMIC
EoTEYWIEL D, ZDL)BRIRET, 7v5—7
5o FEEIIHNT A2 5 v FHOWERNED, kiR
M OWMUHEANE BT A, £ LT, HRIEHED
BENSY Iy FHOMEICEHELECIBLEAERLLNV
ZhblEZzBNS.

4 #&

Tv¥—=29y FEROIRMEHEOILI=ZMEIIK
292779 FEE, Z3REE, 77y FMORREND
HEY Q777 —OBEAPLERLZ. S5, 7
Ty FMICL 2BMOBE CABEOZEL L FHEIL:.

il



79 FMIZL B SHOAHEEHE 205

: A533B-M

: CLAD-M(SUS)
- CLAD-M(MAT2) 1
: CLAD-M(A533B)
: CLAD-M(HT)

co_ T

e OO B> O

1+ 4
o0 T 20
J [N/mm]

(a) Three-point bending load

: A533B-M

: CLAD-M(SUS)

: CLAD-M(MAT?2)
& : CLAD-M(A533B)
: CLAD-M(HT)

ooj kﬁ\m\ﬁ\ﬂ\‘ﬁ )

A—_A\A\A\A——A

ap o

-1} ]

0 0 20
J [N/mm]
(b) Uniform tensile load

Fig. 9. J-Q curves: effect of clad material.
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